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Abstract
The effectiveness of using zeolites as a method of introducing variance in the gas responses of semiconductor metal oxide gas 
sensors is demonstrated. Screen printed tungsten trioxide (WO3) and chromium titanium oxide (CTO) thick films overlaid with 
the hydrogen form of different zeolites were exposed to organic vapours with similar functional groups. The composite metal 
oxide-zeolite gas sensors responses exhibit reproducible gas specific enhanced and diminished responses.
© 2009 Published by Elsevier Ltd.
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1. Introduction
At elevated temperatures, semiconducting metal oxides processed into a device with high surface to bulk ratio 
exhibit change in conductivity when exposed to trace gases that is proportional to its concentration. This electrical 
property has been widely researched and utilised in gas sensing devices for monitoring industrial and domestic 
pollutants and for odour management [1, 2]. Their main benefits of high sensitivity to trace gases, physical 
ruggedness and low cost are moderated by lack of selectivity to specific gases and humidity interference [1].
Different techniques have been devised to improve the selectivity and performance of semiconducting oxide gas
sensors including; operating sensors at different temperatures since electrical conductivity of semiconductors is 
temperature dependent, addition of dopants that will alter the microstructure or initiate chemical reactions with 
target gas to ultimately enhance its electrical response, use of filters that can selectively modify analyte gas 
molecules and employing an array of sensors to achieve discrimination between individual sensors such as in 
electronic noses [1-3]. Our approach to improving the selectivity of n-type WO3 and p-type CTO gas sensing 
devices, which have been used in NOx and ozone monitoring (WO3) [4, 5], and for the detection of NH3 and H2S
(CTO) [6, 7], involves incorporating a variety of microporous aluminosilicate zeolites as transformation elements on 
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the screen printed thick films [8, 9]. We seek to exploit the sorption characteristics (shape and size selectivity) and 
catalytic behaviour of zeolites to modify the composition of analyte gas ‘seen’ by the sensing material in order to 
introduce variance in sensor responses thereby allowing discrimination between complex organic vapours.
2. Experimental
Three types of zeolite powders with different pore sizes and framework structures, sourced from Zeolyst 
International (NH4-ZSM-5 and H-Y) and PQ Corporation (Na-LTA) were prepared and used in hydrogen form. Na-
LTA zeolite was converted to H-LTA by initial ammonium exchange to NH4-LTA followed by thermal 
decomposition. The NH4 exchange involved stirring Na-LTA powder in 1M NH4Cl solution at 60 °C for 12 hours 
using zeolite powder to NH4Cl molar mass ratio of 1:10. After washing the resulting NH4-LTA with double distilled 
water, it was then dried at 100 °C for 8 hrs and fired at 500 °C for another 12 hours (Carbolite Furnace CSF1200) to 
obtain H-LTA [8]. NH4-ZSM-5 powder had similar heat treatment to NH4-LTA whilst zeolite Y powder obtained in 
hydrogen form was heat treated at 350 C for 8 hours in order to remove any adsorbed water. The sensing elements 
were made using commercially sourced WO3 powder (New Metals & Chemicals Ltd.) and CTO powder prepared as 
described by Niemeyer et al. [10].
Screen printable inks were produced by mixing the semiconducting oxide and zeolite powders in organic vehicle 
ESL 400 (Agmet Ltd) in a mortar and pestle. The oxide inks were screen printed directly on interdigitated patterned 
gold electrodes on 3 x 3 mm alumina substrates with platinum heater track underneath. The control sensing thick 
film, against which the responses of the zeolite modified sensors are compared, was made up of 5 layers of ink, with 
the ink being dried under an infrared lamp for ~ 10 minutes between each layer of print. The zeolite modified 
sensors had additional 2 layers of zeolite ink printed over the 5 layers of oxide ink. The film thicknesses, measured 
across the batch produced, were in the range 148-151 μm for the metal oxides and 31-34 μm for the zeolite 
overlayers. The printed sensors were fired at 600 C for 2 hours in order to burn of the organic vehicle after which 
50 μm platinum wires were spot welded onto gold contacts on the sensor chip and subsequently used to suspend the 
sensor on metal pins in a plastic housing as shown in figure 1. A JEOL 6301F scanning electron microscope (SEM) 
was used to examine the fabricated sensors surfaces and in conjunction with Oxford Instruments INCA system, 
Energy Dispersive X-ray Spectroscopy (EDAX) was used to determine elemental composition of the zeolites, in 
particular the Si/Al ratio and amount of Na/H-LTA ion exchange. Gas sensing experiments were performed on an 
in-house test rig [11] designed to maintain up to eight sensors at constant operating temperature via a heater driver 
circuit that is connected to each sensor’s heater track. The sensors were operated at 400 C and exposed to 30 minute 
pulses of alcohol (ethanol and isopropyl alcohol (IPA)) and alkene (ethene and propene) vapours (BOC Gases) in 
dry air, in order to explore the effect of small (LTA) and large (Y) zeolite pore sizes, straight (LTA) versus complex 
(ZSM-5) framework structures, and different zeolite Si/Al ratios.
Figure 1. Image of fired and bonded WO3 control sensor. Figure 2. Cross-sectional scanning electron micrograph of 
CTO sensor overlaid with zeolite H-Y on alumina substrate.
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3. Results and discussion
3.1. Characterisation results
The zeolite powders were examined by EDAX prior to and post sensor fabrication in order to determine their 
Si/Al ratios, ascertain success of Na
+
 to H
+
 ion exchange in zeolite LTA, and ensure that the fabrication process did 
not alter their measurable properties. The results show that ion exchange was more than 99% (atomic %) complete 
with less than 1% Na cations left in H-LTA and no apparent decomposition of the zeolites. Scanning electron 
micrographs showing surface morphologies of the control and zeolite layered sensors, already reported elsewhere 
[9], show structures with various particle shapes and sizes that are not too densely packed. Analysis of WO3 and 
CTO microstructures revealed a porous surface with connectivity between the grains, a requirement for gas sensing,
whilst the cross-sectional analysis of zeolite layered sensors showed no cracks or delamination in the microstructure 
(figure 2).
3.2. Gas sensing results
The WO3 and CTO sensors on exposure to ethanol and IPA gave the expected n-type and p-type responses to 
alcohol vapours, characterised by decrease (WO3) and increase (CTO) in resistance with respect to baseline values 
in dry air at 400 C operating temperature. Figure 3 shows the conductive response (R0/R) of WO3 (a) and resistive 
response (R/R0) of CTO (b) to 80 ppm ethanol. Digitization of the response transients is a consequence of the test 
rig’s low resolution analog to digital card. The WO3 sensors responded more rapidly than the CTO sensors upon gas 
injection, but neither of the control and the acidic zeolite overlaid sensors achieved steady state within the 30 minute 
duration of the gas pulse, with the exception of WO3+H-Y and CTO+H-ZSM-5 sensors. The H-ZSM-5 layer had 
opposite effects on both materials; whilst it enhanced the response of WO3 to ethanol, CTO’s response was greatly 
diminished. However, the H-LTA layer greatly enhanced the response of CTO to ethanol. Both sensor sets returned 
to baseline during the purge step, albeit with slow returns for the zeolite overlaid sensors. Fast and saturated 
response was achieved by the WO3 sensors on exposure to 80 ppm IPA. However, the effect of zeolite layers is 
reduction of the response magnitudes compared to the control sensor. CTO sensors responses to IPA had transients 
similar to ethanol responses but with diminished magnitudes compared to the control sensor.
(a) (b)
Figure 3 – The response WO3 (a) and CTO (b) sensors with overlaid acidic zeolite layers to 80 ppm ethanol in dry air at 400 C.
Since the control sensors responses to ethanol and IPA are not particularly selective (figure 4), the variations 
observed in the sensor array’s response is evidence of zeolite modification of the alcohol vapour ‘seen’ by the metal 
oxide sensing element. In the case of WO3 and CTO, H-ZSM-5 and H-LTA layered sensors showed enhanced and 
diminished responses to ethanol to IPA respectively, which could be attributed to catalytic reactions within the pores 
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of the acidic zeolites resulting in reaction products to which the metal oxides are either sensitive or insensitive. Acid 
catalysed dehydration of the alcohols to produce alkenes (ethene and propene) and water was theorized, which led to 
exposure of the sensor array to 80 ppm ethene and propene. However, the results obtained (figure 4) do not validate 
this theory, since both WO3 and CTO are less sensitive to either gas and CTO is minimally affected by humidity [2, 
7]. Curiously, WO3 gave a p-type response to both hydrocarbons, whilst CTO gave an n-type response to ethene 
vapour. However, the H-ZSM-5 and H-Y layer on both metal oxides provided enhanced responses, thereby 
suggesting the formation of other reaction species within the zeolite layer to which the metal oxides are sensitive. 
These reaction products require further investigation.
Figure 4 – The effect of acidic zeolite layers on the response of WO3 and CTO to ethanol, IPA, ethene and propene in dry air at 
400 C (conductive response (R0/R) is represented as negative R/R0).
4. Conclusion
The incorporation of acidic zeolites as overlayers on WO3 and CTO sensing devices have been shown to effect gas 
specific selectivity. This can be attributed to the transformation of analyte gas into species to which the metal oxides 
are either sensitive or insensitive, resulting in differential responses.
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